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Abstract 
Myrosmase activity was detected in the non-toxigenic filamentous fungus, 
Aspergillus oryzae ATCC-14895 mtracellularly when the inducer, simgrin was 
incorporated into the medium. The conditions for myrosmase production were 
established. Sinigrin at 0.5 mM in the medium as the inducer was the most cost 
effective concentration, when the cultivation of fungal mycelia were carried out in 
the complex medium at 30�C under orbital shaking at 200 rpm. 
Two inducible myrosinase isozymes were isolated from the cell-free extract 
by DEAE-Sepharose ion-exchange chromatography and Sephacryl S-200 molecular 
sieving chromatography. These two myrosinase isozymes were named AMR60 and 
AMR94 according to their molecular weights. 
The isozyme AMR94 was purified from the cell-free extract by dialysis, 
DEAE-Sepharose ion-exchange chromatography, Sephacryl S-200 molecular sieving 
chromatography and FPLC Mono P chromatofocusing. The final enzyme preparation 
was homogenous as judged by SDS-PAGE. 
Molecular weights of the partially purified isozyme AMR60 and the purified 
isozyme AMR94 were determined to be 60,000 and 86,000 respectively by gel 
i 
filtration. However, the molecular weight of the purified isozyme AMR94 was 
determined to be 94,300 by SDS-PAGE, which was slightly larger than the molecular 
weight estimated from gel filtration. These two molecular determinations by gel 
filtration and SDS-PAGE for the isozyme AMR94 suggested that this isozyme exists 
in the form of a single subunit. In addition, isozyme AMR94 is a glycoprotein which 
showed positive reaction with Periodic acid-Schiff reagent. 
The apparent temperature optima for these two isozymes, AMR60 and 
AMR94 were 37°C and 50°C respectively. The optimal pHs for enzyme activities 
were 6.0 to 6.6 for isozyme AMR60 and 4.5 to 5.0 for isozyme AMR94 at 37°C. 
The Michaelis constants for these two isozymes, AMR60 and AMR94 were 
found to be 1.58 mM and 61.6 mM for sinigrin respectively. The isoelectric points 
were determined to be 4.75 and 4.00 for the isozymes, AMR60 and AMR94 
respectively by chromatofocusing using a Mono P column in FPLC system. 
The enzyme activities of both myrosinase isozymes were inhibited by the 
sulfonic group containing buffers and the imidazole ring containing buffers. 
Moreover, the enzyme activity of isozyme AMR60 was inhibited by 1 mM N-
ethymaleimide, phenylglyoxal and 0.1 mM p-chloromercuribenzoate. And the 
enzyme activity of isozyme AMR94 was inhibited by 1 mM o-gluconic acid lactone. 
ii 
The metallic ions, ( V . � C d ^ ^ Zn : . � Sn ' . at 1 mM and Ni:. at 5 mM inhibited 
the enzyme activity of the isozyme AMR60. On the other hand, the enzyme activity 
of isozyme AMR94 was slightly inhibited by Sn^^  at 1 mM. 
iii 
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Introduction and literature review 
1.1 Introduction 
Rapeseed is currently the third most commercially important oilseed. In 1990, 
the world annual production of soybean, cottonseed and rapeseed were 107.7，27 and 
24.5 million tons respectively. The production of rapeseed in Asia was 11.6 million 
tons，approximately 50% of the global figure. In Asia, the two main production 
countries were China (7 million tons) and India (4 million tons) (FAO Production 
Yearbook, 1990). 
Rapeseed meal is a protein rich by-product (about 40% of the defatted meal) 
after the extraction of the edible and industrial oils from rapeseed. It has a well-
balanced amino acid composition and is well suited for use as a component of animal 
feedstuffs. China is one of the top producer of rapeseed in the world. However, most 
of the rapeseed varieties grown in China have high levels of glucosinolates, normally 
up to 50-60 grams per kilogram of the defatted meal (Sang and Salisbury, 1988). 
Glucosinolates and its break-down products show some detrimental effects in 
animals including reduction of feed intake, weight gain and pathological changes in 
thyroid gland, liver, spleen and other organs (Heaney and Fenwick, 1987). 
2 
In order to increase the economic value of rapeseed meal as an animal feed, 
many investigations have been done on the detoxification of rapeseed meal (Dietz et 
a / .�1991; Finnigan et al, 1989; Finnigan and Lewis, 1988). The methods usually 
involved were using exogenous myrosinase to hydrolyze the glucosinolates and 
combined with ethanol extraction. But none of these methods was proved to be 
satisfactory in industrial scale, because of high production cost and pollution to the 
environment. 
In China, the development of biological methods to remove glucosinolates in 
rapeseed meal seems to be the best alternative before successful breeding programme 
is achieved to reduce the glucosinolates contents. 
Myrosinase, thioglucoside glucohydrolase (EC 3.2.3.1)，catalyses the 
hydrolysis of glucosinolates. This enzyme is considered as the marker enzyme in 
degradation of glucosinolates. 
Several molds have been shown to have myrosinase activity and are suitable 
for use in solid fermentation (Smits et al, 1993; Ohtsuru et al., 1973c; Reese et al, 
1958). However, the toxicological consequences caused by the fungal toxins 
production during fermentation have not be fully evaluated. Therefore，the use of the 
molds reported with myrosinase activity to degrade glucosinolates to generate animal 
consumable feeds is still questionable. 
3 
In the present studies, some edible fungi and some non-toxigenic molds used 
in food fermentation were screened for their potential as biological detoxification 
agents. All of them presumably do not produce fungal toxin. 
In the first part of the thesis, a screening programme was conducted and 
Aspergillus oryzae was the only one shown to have myrosinase activity. Physiological 
studies of myrosinase production in A. oryzae were included in this part. In the 
second part, two intracellular inducible myrosinase isozymes in A. oryzae were 
isolated and characterized so as to provide information on the enzyme systems 
involved in glucosinolate degradation of this filamentous fungus. 
4 
1.2 Literature review 
1.2.1 General considerations 
Myrosinase, thioglucoside glucohydrolase (EC 3.2.3 .1) catalyses the 
hydrolysis of glucosinolates. In higher plant, myrosinase always occurs together with 
glucosinolates. This enzyme is located in special cells called myrosin cells (Hoglund 
et al., 1992, 1991; Thangstad et al., 1991) and does not come in contact with the 
glucosinolates in the parenchyma tissue unless the tissue is damaged. 
In industrial processing of rapeseed, inactivation of the myrosinase before oil 
extraction is very important. It is because the intact glucosinolates are not fat soluble. 
However, upon hydrolysis by myrosinase, their products become oil soluble that they 
may enter the oil. In addition, the sulfur released from glucosinolate may poison the 
nickel catalyst used for hydrogenation of the vegetable oil. Moreover, sulfur 
compounds resulted from the degradation of glucosinolates may catalyze the 
corrosion of industrial equipments and their volatile forms are environmental 
pollutants. This kind of pollutants is hazardous to the health of the workers who are 
employed in the fat rendering industry. Thus, it is necessary to inactivate myrosinase 
as quickly as possible at the industrial processing of rapeseed so that the intact 
glucosinolates are remained in defatted meal in appreciable quantities. 
In bacteria, myrosinase activity was demonstrated in Escherichia coli 
(Oginsky et al., 1965) and Enterobacter cloacae (Tani et aI., 1974a,b). 
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In fungi, extracellular myrosinase from Aspergillus sydowi (Reese et al.’ 
1958; Ohtsuru et al., 1969a, b, c) and intracellular myrosinase from Aspergillus niger 
(Ohtsuru et al., 1973a; Ohtsuru and Hata, 1973a, c) were studied. Myrosinase 
activity in cell-free extract of Aspergillus clavatus was also demonstrated by Smits et 
al in 1993. 
The development of the detoxification process by using fungi in solid state 
fermentation is applicable for raw feed materials such as rapeseed meal. 
The following sections summarize the present knowledge about the general 
information of glucosinolates and the degradation of glucosinolates by myrosinase. 
Studies in the fungal myrosinase are emphasized because fungi have high potential to 
be used in solid fermentation for detoxification of rapeseed meal. 
1.2,2 Nature of glucosinolate 
Glucosinolates are a group of naturally occurring compounds associated with 
several plant families especially Cruciferae (Van Etten and Tookey, 1983.). A 
number of important vegetables, herbs and agricultural crops belong to this family. 
/S-C6H11O5 
Fig. 1.1 Chemical structure of glucosinolates 
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Glucosinolates belong to a class of approximately 100 compounds (Underhill, 
1980) with the general structure shown in Fig. 1.1. They are anions which contain 3-
D-thioglucose and the same configuration of the sulfate and the side-chain group 
around the carbon-nitrogen double bond. Because they exist in ionic forms, 
glucosinolates are hydrophilic, nonvolatile compounds. The salts are easily soluble in 
water and insoluble in nonpolar solvents. Glucosinolates are characterized by side-
chain (R) with varying aliphatic, aromatic and heteroaromatic carbon skeletons, all 
of them are presumably derived from amino acids by chain-elongating process, 
hydroxylation and oxidation. 
12,3 Degradation of glucosinolates by myrosinase 
The general degradation process of the myrosinase-catalyzing hydrolysis of 
glucosinolates was summarized in Fig 1.2 (Underhill, 1980). After hydrolysis, one D-
glucose and an aglucone part are yielded. The aglucone, under neutral conditions, 
gives rise to sulfate and by a Lossen-type rearrangement to yield an isothiocyanate; 
under weak acidic conditions or in the presence of ferrous ion, a nitrile and an 
elemental sulfur are formed. When the isothiocyanates possessing a 13-hydroxyl 
group，they would spontaneously cyclize to form substituted oxazolidine-2-thiones. 
The isothiocyanates formed from the indole glucosinolates and p-
hydroxybenzyglucosinolates are unstable in neutral or alkaline conditions and give 
rise to thiocyanate ion (Schluter and Gmelin, 1972). 
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Fig. 1.2 Enzymatic degradation of glucosinolates (Underbill, 1980) 
1.2.4 Toxicology of glucosinolate and hydrolysis products 
A lot of information available on the toxic and antinutritional properties of 
glucosinolates is resulted from the feeding trials conducted with cruciferous forages 
or rapeseed meals. These experiments usually involve rats，mice, poultry, pigs and 
ruminants (Majak et al.’ 1991; Nugon-Baudon et al, 1990; Vermorel et al, 1988， 
1986; Dransfield et al., 1985; Fenwick et al, 1984a,b; Lee et al, 1984; Clandinin 
and Robblee, 1981; Thompke, 1981). 
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The presence of glucosinolates in the diets of non-ruminants (Clandinm and 
Robblee, 1981) has been related to poor growth and performance in pigs and to a 
variety of disorders in poultry, including reduced weight gain in broilers，reduced egg 
size and laying efficiency, organ enlargement, liver haemorrhage and egg taint. 
It is suggested that the glucosinolates content of rapeseed should be below 5 
mg/g of the defatted meal if animal performance is to be equivalent to that for Soya 
(Heaney and Fenwick, 1987). This figure should be contrasted with total 
glucosinolate contents of 10 mg/g and 20 mg/g for Danish and Canadian (canola) 
repeseed, respectively, and with the 50 mg/g typical of that currently grown in the 
United Kingdom. For the rapeseed varieties grown in China，the glucosinolate level 
was up to 60 mg/g of the defatted rapeseed meal (Sang and Salisbury, 1988). 
The individual glucosinolates and their degradation products, isothiocyanates, 
oxazolidine-2-thiones, nitriles, thiocyanate ion and indoles have detrimental effects in 
animals. A comprehensive review have been done by Heaney and Fenwick in 1987. 
1,2,5 Plant myrosinase 
Myrosinase in plants has been extensively studied in Sinapis alba, Brassica 
napus, Brassica juncea and other species mainly belong to cruciferous plants. The 
properties of myrosinase from different sources are very diverse. The molecular 
weights of plant myrosinase isolated from different species have been found to vary 
(Heaney and Fenwick, 1987)，being the highest in Wasabia japonica (MW 580,000) 
9 
and lower in mustard ( MW 120,000 to 150,000) and rapeseed (MW 135,000). The 
enzymes have been characterized as glycoproteins. These plant myrosinases possess 
amino group，SH group and histidyl residue at the active site (Ohtsuru and Hata, 
1973b). All plant myrosinase from various origins were activated by L-ascorbic acid. 
Studies on the localization of myrosinase in plant tissue using 
immunocytochemical techniques were carried out by Hoglund et al (1992)，Hoglund 
al (1991), and Thangstad et al. (1991). They successfully demonstrated the 
distribution of myrosinase in special cells called myrosin cells. The function and 
properties of plant myrosinase have been reviewed by Bjorkman in 1976, 
The existence of multiple forms of myrosinase has been shown in many 
plants. Currently, the isozyme pattern of plant myrosinase has been studied by using 
FPLC system with pre-packed high performance columns (Buchwaldt et al” 1986). 
In enzyme purification, highly efficient concanavalin A affinity chromatographic 
method has recently been successfully applied to purify the plant myrosinase (Pessina 
et al, 1990; Palmieri et al, 1986). 
The genetic information of plant myrosinase in Sinapis alba (Xue et al, 1993， 
1992) and Brassica napus (Lenman et al, 1993; Falk et al., 1992; Xue et al., 1992) 
has been studied. Plant myrosinase was genetically highly similar to proteins of the 13-
glycosidase enzyme family. 
10 
L2.6 Fungal myrosinase 
Myrosinase activity was demonstrated in fungi including Aspergillus sydowi 
(Reese et a/.，1958)，Aspergillus niger (Ohtsuru et al.，1973c) and Aspergillus 
cla她s (Smits et al.’ 1993). These fungal myrosinases are inducible enzymes. The 
presence of sinigrin or mustard extract in the medium is essential for their 
production. Myrosinase produced hy A. sydowi is an extracellular enzyme. However， 
myrosinases are produced intracellularlly in the other two species. 
7.2 7 Purification and properties offungal myrosinase 
The extracellular inducible fungal myrosinase from Aspergillus sydowi was 
purified by Ohtsuru et al (1969a) about 150-fold by ammonium sulphate 
precipitation and chromatography on DEAE-cellulose and DEAE-Sephadex. The 
relative purity of the enzyme preparation was not indicated. 
The Michaelis constant (Km) of this myrosinase was determined to be 3.6 
mM for sinigrin. The myrosinase activity is stimulated by cobalt (II)，zinc (II) and 
magnesium (II) ions and inhibited by mercury (II)，iron (II) and copper (II) ions. 
However, metal chelating agents such as EDTA and o-phenanthroline, SH group 
modifying reagents and diisopropylfluorophosphate have no effects on enzyme 
activity. In contrast to plant myrosinase, this enzyme is neither activated nor inhibited 
by any concentration of L-ascorbic acid. Glucose and salicin are competitive 
inhibitors for this enzyme. High concentrations of sodium chloride inhibites this 
11 
enzyme. The similarity of this fungal myrosinase to B-glucosidases was also shown 
(Ohtsuru et a / .�1969b). B-Glucosidase activity of this fungal myrosinase was 
confirmed by using;?-nitrophenyl B-glucoside as the substrate (Ohtsuru et al., 1969c). 
The pH-activity optimum was 7.0 and this enzyme was stable in the pH range from 
5.5 to 8.5 at temperature below 45°C. 
Petroski and Kwolek (1985) reported that an epithiospecific protein from 
curciferous plant interacted with the myrosinase from A. sydowi in an allosteric 
manner. 
Ohtsuru and Hata (1973a) partially purify the intracellular inducible 
myrosinase from Aspergillus niger 13.8 fold by a combination of DEAE-Sephadex 
chromatography and isoelectric focusing. The pi value of the myrosinase is about 
pH4.8. 
The Michaelis constant (Km) of this partially purified fungal myrosinase is 
3.3 mM for sinigrin. This enzyme preparation was also exhibiting B-glucosidase 
activity when /7-nitrophenyl B-glucoside was used as a substrate. 
This myrosinase is stimulated by copper(I), (II)，manganese (II) and cobalt (II) 
and is inhibited by mercury (II) and stannous (II) ions. Metals chelating agents and 
diisopropylfluorophosphate had little effect on the enzyme activity, while PCMB is a 
strong inhibitor. Glucosides and D-gluconic acid lactone inhibites enzyme activity 
but sugars did not have significant effect. In contrast to plant myrosinase, this enzyme 
is neither activated nor inhibited by L-ascorbic acid. The pH-activity optimum is 6.2， 
12 
and the enzyme is stable in a pH range of 7.6 to 8.0 at 5°C for 24 hours. The 
temperature-activity optimum is about 34�C. 
13 
Chapter 2 
Screening of Fungi with Myrosinase Activity and 




Screening of fungi with myrosinase activity and 
physiological studies of myrosinase production in 
Aspergillus oryzae 
2.1 Introduction 
The utilization of rapeseed meal as animal feedstuff is limited by its high level 
of glucosinolates. The development of biological methods to remove glucosinolates 
in rapeseed meal seems to be the best alternative before successful breeding 
programme is established to reduce the glucosinolates contents. 
The use of fungi in solid state fermentation to detoxify agricultural by-
products such as rapeseed is a promising means. In this study, some non-toxigenic 
fungi were selected to test for their myrosinase activities. Myrosinase is considered as 
the marker enzyme in degradation of glucosinolates, as the initial step in the 
enzymatic degradation of glucosinolate is catalyzed by myrosinase. 
Aspergillus oryzae, a non-toxigenic fungus was the only species with 
myrosinase detected in the screening programme. Physiological studies of myrosinase 
production in A. oryzae were then conducted. 
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2.2 Materials and methods 
2.2.1 Fungal strains 
Pleurotus sajor-caju PL-27, Flammulina velutipes FL-5, Auricularia 
polytricha AU-6, Lentinula edodes L-54, Lyophyllum aggregatum LA-1 and 
Vohariella volvacea V-34 were stock cultures of the Biology Department, the 
Chinese University of Hong Kong. Lyophyllum ulmarium ATCC-58923, Aspergillus 
oryzae ATCC-14895, Aspergillus niger ATCC-16888 and Rhizopus oligosporus 
ATCC-22959 were obtained from American Type Culture Collection. 
2.2.2 Media 
Potato dextrose agar (Difco) was used to maintain the cultures of Pleurotus 
sajor-caju PL-27, Flammulina velutipes FL-5, Auricularia polytricha AU-6, 
Lentinula edodes L-54, Lyophyllum aggregatum LA-1, Volvariella volvacea V-34 
and Lyophyllum ulmarium ATCC-58923. 
Malt extract agar contained per liter, 20 g malt extract (Sigma), 20 g glucose， 
1 g peptone (BioLife) and 20 g agar (Ajax) was used to maintain the cultures of 
Aspergillus oryzae ATCC-14895, Aspergillus niger ATCC-16888 and Rhizopus 
oligosporus ATCC-22959. 
In the screening programme, the defined medium contained per liter, 10 g 
glucose, 1 g L-asparagine, 1 g L-arginine, 1 g potassium dihydrogen phosphate, 0.5 g 
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magnesium sulfate (as MgSCVTH2�)�0.5 mg thiamine hydrogen chloride and 2.5 
mM sinigrin (Sigma). Finally, the pH was adjusted to 6.5. 
In the physiological studies of myrosinase production in Aspergillus oryzae, 
the complex medium contained per liter, 1 g potassium dihydrogen phosphate, 1 g L_ 
arginine�1 g L-asparagine, 0.5 g magnesium sulfate (as MgS04.7H20)�5 g glucose� 
5 g malt extract (Sigma), 1 g Tween-80 (Merck), 1 g yeast extract (Sigma) and 1 g L-
ascorbic acid. 
2.2,3 Screening 
Screening was performed by inoculating the selected strains into 10 ml 
defined medium. In addition, the fungi were inoculated into the medium without 
sinigrin to act as a background. And the medium without inoculation was used as the 
control. After 14 days incubation at 25°C under static state, the culture medium was 
taken from each flask and diluted 10-fold. The absorbance at 227 nm was measured 
and compared to the background and the control. This method was named direct 
spectrophotometric method. 
The results were evaluated with the formula 
Decrease of sinigrin (%) 二（1- ^test-A background )xiooo/o 
A control 
where A is the absorbance at 227 nm. 
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In addition to this direct spectrophotometric method, enzyme assays for 
myrosinase activities of both culture filtrates and cell-free extracts were also 
performed to confirm the enzyme activities. The culture filtrates were concentrated 
by freeze-drying and the fungi mycelia were ground in mortar with sand. Both 
preparations were dialysis against 10 mM potassium phosphate buffer, pH 6.5 for 12 
hours. And then myrosinase activities were determined by enzyme assay. 
2,2,4 Enzyme assay and protein determination 
2.2.4.1 Myrosinase assay 
Myrosinase activities of the culture filtrates and the ground cell-free extracts 
were measured. Samples were dialyzed against 10 mM citrate phosphate buffer, 
pH6.5, to remove sinigrin and glucose to avoid interference before assays. End-point 
assay was carried out by measuring the glucose released during sinigrin hydrolysis. 
The Sigma glucose diagnostics kit containing PGO enzymes (glucose oxidase and 
peroxidase) and chromogen o-dianisidine dihydrochloride was used. The protocol 
used was according to the Sigma Procedure No. 510 with modification. The PGO 
solution used for each assay was reduced from 5 ml to 2 ml. The enzyme assay was 
carried out in 1 ml reaction mixture, containing 10 mM sinigrin，55 mM potassium 
phosphate buffer, pH 6.5, and 200 crude enzyme. After 30 minutes incubation at 
370c，the reaction was stopped by heating the mixture in boiling water for 3 minutes. 
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After cooling, 2 ml of a PGO solution was added and the mixture was kept at 37�C 
for another 30 minutes. The absorbance at 450 nm was measured with a Milton Roy 
Spectronic 601 spectrophometer against the reference solutions prepared by mixing 
one sample without enzyme and one sample without sinigrin. 
2.2.4.2 Definition of myrosinase unit and specific activity 
One myrosinase unit was defined as the amount of enzyme which causes the 
liberation of 1 nmol of glucose per minute under the conditions described above. And 
the specific activity was defined as the myrosinase unit per milligram of protein. 
2.2.4.3 Protein determination 
Protein concentrations of the samples were measured by the method of BCA 
(Smith, 1985) using Bicinchoninic acid protein assay kit (Sigma) according to the 
Sigma Procedure No. TPRO-562. Bovine serum albumin (BSA) was used as the 
standard. 
2.2,5 Physiological studies of myrosinase production in Aspergillus oryzae 
Aspergillus oryzae was sub-cultured in malt extract agar slant and incubated 
at 25°C. After 10 days incubation, sterilized distilled water was added to wash the 
agar slant to get the spores suspension (approximately 10 spores/ml) as the 
inoculum. 
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2.2.5.1 Incubation time 
The complex medium incorporated with 1 mM sinigrm was used to determine 
the effect of incubation time on myrosinase production. Three millilitres of spores 
suspension was inoculated into 250 ml flasks containing 100 ml of the complex 
medium. The same setup was done in triplicate everyday till the end of the 
experiment. This experiment lasted for 8 days at 30°C under 200 rpm orbital shaking 
condition. At day 8，mycelia were harvested, then washed with 10 mM potassium 
phosphate buffer pH6.5 and ground in mortar with sand. The cell debris was 
removed by centrifugation using MSE Micro Centaur microcentrifugator. The 
myrosinase activities of the supematants were then assayed. 
2.2.5.2 Inducer concentration 
The complex medium incorporated with different concentrations of sinigrin, 0 
mM, 0.25 mM, 0.5 mM，1 mM, 2.5 mM and 5 mM were used to determine the effect 
of sinigrin concentration on myrosinase production. Three millilitres of spores 
suspension was inoculated into 250 ml flasks containing 100 ml medium. 
Experiment was carried out at 30°C under orbital shaking condition (200 rpm) for 5 




2.3.1.1 Degradation of sinigrin in culture medium 
The significant decrease of absorbance at 227 nm was observed only in the 
culture filtrate oiAspergillus oryzae . The results are shown in Table 2.1. 
2.3.1.2 Confirmation of myrosinase activity 
Myrosinase activities of the culture filtrates and the cell-free extracts of the 
selected fungi were further confirmed by enzyme assay. Enzyme activity was detected 
only in the cell-free extract of Aspergillus oryzae when sinigrin was incorporated in 
the culture medium. The results are summarized in Table 2.1. 
2.3.2 Physiological studies of myrosinase production in Aspergillus oryzae 
2.3.2.1 Incubation time 
The production of intracellular myrosinase at different incubation time is 
shown in Fig. 2.1. The optimal incubation time for myrosinase production was 5 
days. 
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2.3.2.2 Inducer concentration 
The relationship between myrosinase production and concentration of sinigrin 
m the complex medium is shown in Fig. 2.2. The maximum enzyme production was 
observed when 1 mM sinigrin was incorporated in medium. About 80% enzyme 
activity of the maximum was observed at 0.5 mM sinigrin. When the sinigrin 
concentration was over 1 mM, the enzyme production became level off. It seems that 
sinigrin as the inducer at 0.5 mM was the most cost effective concentration for mass 
production of this fungal myrosinase in Aspergillus oryzae. 
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2.4 Discussion 
2人1 Fungi selection in screening programme 
All the fungi selected in screening programme were non-toxigenic strains 
which included the edible mushroom fungi and the filamentous fungi used in food 
fermentation. 
2,4.2 Medium composition 
The defined medium contained sinigrin with high UV absorbance and some 
other simple chemicals of low absorbance at UV range that gives less background 
noise. Since sinigrin has a high extinction coefficient up to 6,784 M'^ cm'^  at 227 nm 
(Palmieri et al.，1982)，direct spectrophotometric method can be applied to measure 
the decrease of absorbance at 227 nm to monitor the degradation of sinigrin. In 
addition, no protein rich ingredients were included in this medium so that the 
decreasing of absorbance caused by protein degradation can be avoided. 
After the screening programme, the complex medium with a more favorable 
composition for mycelial growth and myrosinase production was used to cultivate 
Aspergillus oryzae during physiological studies. This medium was also used for mass 
production of the fungal mycelia for enzyme purification. 
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2,4,3 Screening 
Direct spectrophotometric method was applied as the preliminary screening 
strategy. Fungal culture without sinigrin added to the medium provided a background 
reading that was used to monitor the absorbance contributed by the proteins or 
metabolites produced during mycelial growth. 
Only the Aspergillus oryzae culture showed a 60% decrease in absorbance at 
227 nm of the culture filtrate after 14 days incubation. This result strongly indicated 
that A oryzae has a high possibility of having myrosinase activity. 
Before confirmation of myrosinase activity by enzyme assay，the samples 
were dialyzed to remove glucose and other substances of small molecular weights so 
as to avoid interference to the PGO enzyme system. 
After confirmation by enzyme assay, myrosinase activity was proved only in 
A. oryzae intracellularly. Moreover, the enzyme activity was detected only when 
sinigrin was incorporated in the culture medium as an inducer. There was no 
myrosinase activity detected in the culture filtrates. Therefore, it was concluded that 
myrosinase in A. oryzae was an inducible intracellular enzyme. This inducible nature 
of the fungal myrosinases in Aspergillus sydowi and Aspergillus niger was also 
reported by Reese et al. (1958) and Ohtsuru et al. (1973c) respectively. 
Aspergillus oryzae ATCC-14895 is a filamentous fungal strain which has 
been used extensively in the manufacturing of Japanese soyabean based condiments. 
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Ohtsum et al (1973c) reported that the myrosinase activity was found in 
Aspergillus niger mtracellularly. However, in my screening programme, no 
detectable myrosinase activity was found in this fungus. It might be due to the strain 
specific of this enzyme. 
2 4.4 Physiological studies of myrosinase production in Aspergillus oryzae 
Physiological studies on myrosinase production by Aspergillus oryzae were 
carried out in order to find out the basic information about the production of 
myrosinase in A, oryzae, 
2.4.4.1. Incubation time 
The maximum myrosinase activity was observed after 5 days incubation at 
30°C under orbital shaking condition (200 rpm). A dramatically decrease in enzyme 
activity was seen in prolonged incubation (Fig. 2.1). 
2.4.4.2 Inducer concentration 
The highest total enzyme activity was found when 1 mM of sinigrin was 
incorporated into the medium. About 80% total enzyme activity was observed at 0.5 
mM sinigrin. When the sinigrin concentration was over 1 mM, the enzyme activity 
became level off (Fig. 2.2). And no myrosinase activity was detected in the absence 
of sinigrin in medium. The result showed that 0.5 mM sinigrin in medium as inducer 
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seems to be the most cost effective concentration for mass cultivation of A. oryzae, 
because sinigrin is very expensive (over one hundred US dollar per gram). 
The two physiological parameters, namely the incubation time and inducer 
concentration were very important for mass production of fungal mycelia in order to 
obtain the enzyme in large scale for purification and enzymological studies. 
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Table 2.1. Degradation of sinigrin and production of myrosinase by fungi in the 
defined medium supplemented with sinigrin 
Decrease of Extracellular Intracellular 
Fungal strain sinigrin myrosinase myrosinase 
(%) activity* activity* 
Pleurotus sajor-caju PL-27 2 . _ 
Flammulina velutipes FL-5 0 - _ 
Auricularia polytricha AU-6 1 _ _ 
Lentinula edodes L-54 0 _ _ 
Lyophyllum aggregatum LA-1 0 - . 
Volvariella volvacea V-34 0 - -
Lyophyllum ulmarium ATCC-58923 0 - . 
Aspergillus oryzae ATCC-14895 62 - + 
Aspergillus niger ATCC-16888 2 - -
Rhizopus oligosporus ATCC-22959 1 - -
* Activities were measured with the end-point assay, the citrate phosphate buffer 
at pH 6.5 was used. 
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Fig. 2.1 Effect of incubation time on the production of Aspergillus oryzae 











































































Fig. 2,2 Effect of sinigrin concentration on the production of intracellular 


































































Purification and Characterization of 
Myrosinase in Aspergillus oryzae 
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Chapter 3 
Purification and characterization of myrosinase in 
Aspergillus oryzae 
3.1 Introduction 
Hydrolytic enzymes are usually secretory proteins that break down complex 
molecules into small molecules then be utilized by the cells. The presence of the 
inducible hydrolytic enzyme myrosinase as an intracellular enzyme in Aspergillus 
oryzae is very surprising. 
The natural myrosinase substrates glucosinolates are a group of complex 
molecules with various side chains. They are presumably difficult to pass through cell 
wall and cell membrane. Therefore, the role of the intracellular myrosinase for 
degradation of glucosinolates in A. oryzae is unknown. 
Before solving this intricacy, the enzyme purification and subsequent 
physical，chemical and enzymological characterizations of this fungal myrosinase are 
the initial steps for other molecular basic studies. 
Modern protein purification techniques are developing very rapidly. However, 
purification of protein is still an art that failures before success are unavoidable. 
Therefore, some unsuccessful trials are also discussed in this thesis. 
The purification of fungal myrosinases were reported only by two groups 
(Ohtsuru and Hata, 1973; Ohtsuru et al, 1969). The purity of their preparations were 
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not indicated. The most recent one was done about 20 years ago. In this study, I tried 
to develop a new purification protocol using a combination of the conventional 
chromatographic techniques and the newly developed chromatographic methods to 
purify the inducible intracellular myrosinase in A. oryzae. 
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3.2 Materials and methods 
3.2.1 Reagents 
Sinigrin，Polybuffer 74™, Bicinchoninic acid (BCA) protein assay kit, bovine 
serum albumin (BSA)�Sigma diagnostics kit for glucose determination (PGO 
enzymes with chromogen o-dianisidine dihydrochloride used), Sigma diagnostics kit 
for glucose determination (o-toluidine reagent used). Glycoprotein detection kit, 
octyl-agarose, pheny-agarose (amino linkage, 12 atoms), HA-ultrogel, protein 
molecular weight standards for sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and for gel filtration were obtained from Sigma Chemical Company, 
St. Louis, MO 63178, USA. DEAE-Sepharose CL-6B, Sephacryl S-200 super fine. 
Mono P HR5/5 pre-packed column, Pheny Superose (ether linkage, 12 atoms) HR5/5 
pre-packed column, Superose 6 HR10/20 pre-packed column and disposable 
desalting column PD-10 were from Pharmacia LKB Biotechnology AB, Uppsala, 
Sweden. BioRad silver stain kit, coomassie blue R250, acrylamide and bis-
acrylamide were from BioRad Laboratories, Hercules, CA. Dialysis tube (MWCO 
15,000) was from Spectrum Medical Industries, Inc., Los Angeles, CA. 
3.2.2 Fungal propagation 
Aspergillus oryzae ATCC-14895 was used throughout the experiments in this 
study. The complex medium supplemented with 0.5 mM sinigrin was used to grow 
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this fungus. Inoculum cultures were grown for 10 days in stoppered 21 mm diameter 
culture tubes with malt extract agar slants. Sterilized distilled water was added into 
the agar slants 9 ml each tube, the spores suspension at concentration about per 
ml were used as the inoculum. Three millilitres of the spores suspension were added 
into each 500 ml culture flask containing 250 ml medium. The cultures were grown 
at 30°C with orbital shaking (200 rpm) for 5 days. The fungal mycelia pellets were 
harvested by filtration and washed with distilled water twice. The mycelia were then 
freeze-dried and stored at -30°C until they were used for enzyme extraction. 
3.2.3 Purification of the fungal myrosinase 
3.2.3.1 Preparation of crude extract 
Ten grams of freeze-dried mycelia were pre-chilled with liquid nitrogen and 
homogenized to a fine powder with a coffee mill (Moulinex, France). The 
homogenized powder was suspended in 150 ml of 10 mM citrate phosphate 
extraction buffer，pH 5.6, and stood at 4°C for 30 minutes. The cell debris was 
removed by centrifugation at 23,000 x g for 25 minutes and the supernatant was 
collected. Then the pellet was back-washed with 50 ml extraction buffer and re-
centrifuged at the same condition to remove cell debris. The supematants were 
pooled together which constituted the crude extract. 
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3.2.3.2 Dialysis 
The crude extract was dialyzed against 10 mM citrate phosphate, pH 5.6 for 
12 hours with two changes of dialysis buffer. This step could remove glucose and 
other substances of low molecular weights that produced interference to the PGO 
assay system. 
3.2.3.3 DEAE-Sepharose CL-6B ion-exchange chromatography 
The dialyzed sample was applied to a DEAE-Sepharose CL-6B column ( 2.5 
X 18 cm) previously equilibrated with starting buffer, 10 mM citrate phosphate 
buffer, pH 5.6. After washing with 250 ml of the same buffer to remove the unbound 
materials, the column was eluted with 600 ml linear gradient of NaCl from 0.0 to 0.5 
M in the same buffer. A flow rate of 1.4 ml/min was used and 5.6 ml fractions were 
collected. The fractions containing enzyme activity were pooled and dialyzed against 
the starting buffer for 4 hours with two changes of the dialysis buffer to remove the 
salts. Then the dialyzed sample was concentrated by lyophilization. 
3.2.3.4 Sephacryl S-200 molecular sieving chromatography 
The concentrated sample from DEAE-Sepharose chromatography was re-
dissolved in 1 ml of 10 mM citrate phosphate buffer, pH 5.6 and applied to a 
Sephacryl S-200 column (1.5 x 43 cm) previously equilibrated with 10 mM citrate 
phosphate buffer，pH 5.6. The column was eluted with the same buffer with a flow 
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rate of 0.4 ml/mm, and 1.6 ml fractions were collected. The active fractions were 
pooled. And the pooled sample was concentrated by lyophilization. 
3.2.3.5 FPLC Phenyl Superose hydrophobic interaction chromatography 
This step was performed in Fast Protein Liquid Chromatography ( FPLC ) 
system (Pharmacia LKB Biotechnology AB，Uppsala, Sweden). The pre-packed 
Pheny Superose HR5/5 with 1 ml bed volume was used. The freeze-dried sample 
from Sephacryl S-200 chromatography was re-dissolved in 0.65 ml of 2.0 M citrate 
buffer, pH 5.6 and used for three times of sample injections. The column was 
equilibrated with buffer A，1.0 M citrate buffer, pH 5.6. After sample injection，the 
column was firstly eluted with 2.5 ml of buffer A. And then the enzyme was eluted 
with a 7.5 ml of linear gradient, 0-100% buffer B, 2 mM citrate buffer, pH 5.6, 
followed by 100% buffer B for 2 ml. The flow rate of 0.5 ml/min was used and 0.5 
ml fractions were collected. The myrosinase containing fractions were desalted by 
passing through a Pharmacia PD-10 column previously equilibrated with double 
distilled water. The active fractions from three chromatographic runs were pooled. 
The sample was then concentrated by lyophilization. 
3.2.3.6 FPLC Mono P chromatofocusing 
This step was also performed in the FPLC system. A pre-packed Mono P 
HR5/5 column (Pharmacia) with 1 ml bed volume was used. It was equilibrated with 
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A, 25 mM Tns-HCl buffer, pH 12. The sample was dissolved in 0.65 ml buffer A 
for three times of injections. The column was eluted with 2 ml of buffer A, followed 
by 11 ml of buffer B，Polybuffer 74 (Sigma) diluted with distilled water (1:9), pH 
4.00，and 2 ml of buffer A. The flow rate was 1 ml/min and 0.5 ml fractions were 
collected. For determination of the pH values, the fractions were diluted with 5 ml 
degassed deionized water immediately after elution from the column. The pH values 
of the diluted fractions were then measured. Two standard buffer solutions, pH 4.00 
and pH 7.00, were used to calibrate the pH meter (Beckman, Zeromatic SS-3) with 
combination electrode. Both the standards and the fractions were measured at 25°C. 
Fractions containing myrosinase activity were pooled and concentrated by 
lyophilization. 
3,2.4 Myrosinase assay and protein concentration determination 
3.2.4.1 Spot test for myrosinase activity 
This test was performed by mixing 20 \i\ of sinigrin stock solution (20 mM)� 
20 i^l of citrate phosphate buffer (100 mM, pH 6.1) and 20 |il of fractions from 
column chromatography. After 2 hours incubation at 37°C, 200 \x\ of PGO solution 
was added and incubated at the same conditions for 15 minutes. The presence of 
myrosinase activity was visualized as a brown color solution. 
39 
3.2.4.2 Standard end-point assay 
Two isozymes were isolated after DEAE-Sepharose chromatography. They 
were found to have different properties. However, during column chromatographic 
purification of the enzymes, these two isozymes were assayed under the same 
conditions to construct the purification tables. 
Myrosinase activity was measured by the rate of glucose liberation during 
hydrolysis of sinigrin. The reaction mixture contained 10 mM sinigrin, 55 mM citrate 
phosphate buffer，pH 6.1，and 200 |il enzyme in a total volume of 1.0 ml. The 
reaction was carried out at 37°C for 30 minutes, and was stopped by heating the 
mixture in boiling water bath for 3 minutes. The amount of glucose after reaction 
was determined by the Sigma diagnostics kit for glucose determination using PGO 
enzymes (glucose oxidase and peroxidase) and chromogen o-dianisidine 
dihydrochloride. The protocol used was according to the Sigma Procedure No. 510 
with modification. The PGO solution used was reduced from 5 ml suggested to 2 ml. 
The reaction mixture after cooling, 2 ml of PGO solution was added and the mixture 
was kept at 37°C for another 30 minutes. The absorbance at 450 nm was measured 
with a Milton Roy Spectronic 601 spectrophotometer. Two reference solutions were 
prepared by mixing one sample without enzyme and an other one without sinigrin. 
One myrosinase unit was defined as the amount of enzyme which caused the 
liberation of 1 nmol glucose per minute under the conditions specified. The specific 
activity was defined as the myrosinase unit per milligram of protein. 
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For enzyme characterization, the two isozymes were assayed at different 
conditions according to their optimal pH values. The isozyme AMR60, was assayed 
in conditions mentioned above. For isozyme AMR94, citrate phosphate at pH 4.7 
was used instead of citrate phosphate，pH 6.1 and other conditions were the same as 
above. The PGO assay method was generally employed to measured the amount of 
glucose after enzyme reaction，except in some specified cases. 
In some cases, PGO assay method could not be applied because some 
particular chemicals included in reaction mixture could inhibit this enzymatic glucose 
determination system. In those cases，o-toluidine method was used instead of PGO 
method to measure the amount of glucose released during sinigrin hydrolysis. The 
Sigma diagnostics kit for glucose determination using o-toluidine reagent was used. 
The protocol used was according to the Sigma Procedure No. 635 with modification. 
The o-toluidine reagent used to measured the amount of glucose was reduced from 5 
ml suggested to 2 ml. Two millilitres of o-toluidine reagent which contained o-
toluidine, 6% (v/v)�in glacial acetic acid with thiourea as stabilizer, was added after 
enzyme reaction. The mixture was then boiled exactly for 10 minutes. The 
absorbance at 635 nm was measured with a Milton Roy Spectronic 601 
spectrophotometer. 
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3.2.4.3 Determination of protein concentration 
During column chromatography, protein concentrations were assessed by 
continuous monitoring absorbance at 280 nm with ISCO UA-6 absorbance detector. 
In FPLC system, Pharmacia single path monitor UV-1 at 280 nm was used to 
monitor the protein content of the eluent. 
The protein concentrations in enzyme samples were determined by the BCA 
method (Smith et al., 1985) with Sigma bicinchoninic acid protein assay kit 
according to Sigma Procedure No. TPRO-562. Bovine serum albumin was used to 
construct the standard curve. 
5.2.5 Physicochemical characterization of the myrosinase isozymes 
3.2.5.1 Sodium dodecyl sulfate polyacrylamide gel electrophoresis 
A BioRad Miniprotean II vertical electrophoresis unit with a gel of 0.75 mm 
thickness and approximately 7 cm in height was used to perform the sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) with buffer system described 
by Laemmli (1970). The samples were prepared by making a 1:1 dilution with the 
sample buffer containing 0.125 M Tris-HCl buffer, pH 6.8，4% SDS，20% glycerol, 
10% 2-mercaptoethanol 0.00125% bromophenol blue and boiled for 2 minutes. 
Samples were stacked at 3.75% gel, pH 6.8 and resolved at 10% gel, pH 8.8. The 
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electrolyte buffer, pH 8.3, contained Tris (3 g/1), glycine (14.4 g/1) and SDS (1 g/1). 
Electrophoresis was run at 200 V constant voltage for 45 minutes. 
3-2.5.2 Protein staining and glycoprotein detection 
Protein in the gels was detected using coomassie blue stain or silver stain. 
For coomassie blue stain, the gels were fixed and stained with 0.25% 
coomassie blue R250 in 7% acetic acid, 40% methanol. The gels were destained in 
the same solution without the dye. 
For silver stain，the BioRad silver stain kit was used to detect the protein 
(Oakley et al., 1980) in gels according to the manufacturer's instruction. 
The glycoprotein in gels was detected by Periodic acid-Schiff (PAS) method 
(Jay et al” 1990) using Sigma glycoprotein detection kit according to the protocol in 
Sigma Technical Bulletin No. GPD-K. 
3.2.5.3 Chromatofocusing 
Chromatofocusing is a method of protein separation based on the isoelectric 
point (pi) of the proteins. The pi value of a protein can therefore be measured by this 
method as each protein should be eluted from the column at its pi. The procedure for 
pi determination with this method was the same as described in 3.2.3.6，in which the 
purification of the enzyme with chromatofocusing was described. 
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3.2.5.4 Gel filtration with FPLC Superose 6 
The elution volume of myrosinase isozymes from a pre-packed Superose 6 
HRlO/20 column using FPLC system was determined. The Sigma protein standards 
for gel filtration consisting of sweet potato 6-amylase (MW 200.000)，yeast alcohol 
dehydrogenase (MW 150,000), bovine serum albumin (MW 66,000), bovine 
erythrocytes carbonic anhydrase (MW 29,000) and horse heart cytochrome c (MW 
12,400)， in a total volume of 0.2 ml, were applied to the column and eluted with 10 
mM citrate phosphate buffer, pH 5.6，at a flow rate 0.4 ml/min. The partially purified 
myrosinase isozyme AMR60 and purified isozyme AMR94 were applied separately 
and eluted in the same conditions as for protein standards. 
The elution volumes of the standard proteins were plotted against the 
logarithm of their molecular weights. Molecular weights of the myrosinase isozymes 
were calculated from their elution volumes with this standard curve. 
3,2. Enzymatic properties 
3.2.6.1 Effect of pH on crude enzyme stability 
The crude enzyme preparation was dialysed against double distilled water for 
2 hours before this study. Then the crude enzyme solution aliquots were diluted one-
fold by buffers of different pH and incubated at 4°C. The buffers used in this study 
were 10 mM citrate buffer in the range 3.0 to 5.0; 10 mM citrate phosphate buffer in 
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the range 5.0 to 7.0 and 10 mM phosphate buffer in the range 7.0 to 8.0. After 24 
hours，the precipitation formed was removed by centrifugation in a MSE Micro 
Centeur microcentrifugator. The enzyme activities of the supernatant were 
determined with the standard end-point assay method m 55 mM citrate phosphate 
buffer, pH 6.1. 
3.2.6.2 Effect of substrate concentration on enzyme activity 
The effect of sinigrin concentration on the enzyme activity was studied by 
measuring the initial rates with the standard end-point assay，in the range 0 to 30 mM 
and 0 to 250 mM sinigrin for isozymes AMR60 and AMR94 respectively. Assays 
were performed in 55 mM citrate phosphate buffers at 37°C, pH 6.1 and pH 4.7 for 
the two isozymes AMR60 and AMR94 respectively. 
3.2.6.3 Effect of pH on enzyme activity 
The effect of pH on enzyme activity was studied by determining the initial 
rates with the standard end-point assay. The pH range 3.0 to 8.0 was used for 
isozyme AMR94 and the range 5.0 to 8.0 was used for isozyme AMR60. Buffers 
used in the assays were: 55 mM citrate buffer, in the range 3.0 to 5.0; 55 mM citrate 
phosphate buffer, in the range 5.0 to 7.0 and 55 mM phosphate buffer, in the range 
7.0 to 8.0. 
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3.2.6.4 Effect of temperature on enzyme activity 
The effect of temperature on enzyme activity was evaluated by determining 
the initial rates with the standard end-point assay methods according to different 
isozymes in the temperature range 25T to 60°C. Reaction mixtures without the 
enzyme were incubated at different temperatures for 5 minutes to bring the mixtures 
to desired temperatures. The actual temperature was measured with the same 
thermometer used in determining the temperature of a dummy reaction mixture and, 
taken as the temperature of the reaction. Enzyme solution was added to the reaction 
mixture to initiate the reaction. 
3.2.6.5 Effects of metallic ions on enzyme activity 
The effects of metallic ions on enzyme activity was determined by measuring 
the initial rates with the standard end-point assay methods according to different 
isozymes in the presence of various concentrations of metallic ions. The reaction was 
initiated by adding the enzyme solution. 
3.2.6.6 Effects of various compounds on enzyme activity 
The effect of various reagents on enzyme activity was determined by 
measuring the initial rates with the standard end-point assay methods according to 
different isozymes in the presence of various concentrations of different reagents. 
The reaction was initiated by adding the enzyme solution. 
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3.2.6.7 Effects of various buffers on enzyme activity 
The enzyme activities in different buffers were measured at pH 6.8, 55 mM 
for both isozymes. Citrate phosphate buffer was used as the control. Three sinigrin 
concentrations in the reaction mixture, 5 mM, 10 mM and 30 mM were used. The 
reaction was initiated by adding enzyme solution. The relative activity was calculated 
by comparison of the enzyme activity in different buffer tested to the control at the 
same sinigrin concentration. 
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3.3 Results 
3.3.1 Fungal propagation 
About 12 grams of freeze-dried mycelia were obtained from 2.5 litre of 
culture medium. In addition, the culture medium could be reused for up to five times 
when the components other than sinigrin were supplemented each time. There was 
only about a 10% decrease in the yield of the biomass when the medium was used by 
the fifth time. And there was no significant decrease of the enzyme activity per unit 
weight of biomass. In this way, the expensive sinigrin could be saved a lot by reusing 
the medium. 
3.3.2 Purification of fungal myrosinase in Aspergillus oryzae 
3.3.2.1 Extraction of the enzyme 
The freeze-dried mycelia were easily homogenized with coffee mill. The 
liquid nitrogen was used to make the mycelial pellets easier to be broken and to avoid 
the heat generation during this process. The water soluble substances including 
myrosinase were washed out with extraction buffer. The pellet after centrifugation 
was re-extracted once again to minimize the lost. 
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3.3.2.2 Dialysis 
Some small molecules such as glucose and sinigrin attached on mycelia were 
removed by dialysis after extraction. Glucose in the enzyme extract could produce 
large background to the PGO assay system. The dialysis tube with 15,000 molecular 
cut-off was sufficient to remove the unwanted small molecules. Dialysis against 10 
times of buffer with two changes for total 12 hours was the optimal condition. By 
observation, prolonged dialysis up to 24 hours would lead to denaturation of the 
myrosinase. On the other hand，dialysis was not always performed and the crude 
enzyme extract could be directly applied to the DEAE-Sepharose ion-exchange 
chromatography. It was because that the substances causing interference to the PGO 
assay system did not bind to the gel matrix and could be eluted by the starting buffer 
during ion-exchange chromatography. 
3.3.2.3 DEAE-Sepharose ion-exchange chromatography 
Two myrosinase activity peaks were detected after DEAE-Sepharose ion-
exchange chromatography. The chromatogram in Fig. 3.1 showed that the first 
activity peak, FR-I was eluted in fractions 56 to 74, which corresponded to NaCl 
concentrations from 0.17 to 0.26 M. The second activity peak, FR-II was eluted in 
fractions 75 to 84，which corresponded to NaCl concentrations from about 0.26 to 
0.31 M. These two activity peaks indicated that two myrosinase isoforms might exist 
in this preparation. These two myrosinase peaks were pooled separately and then 
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dialysed against enzyme extraction buffer to remove the salt. Then they were 
concentrated by lyophilization to powder form. 
3.3.2.4 Sephacryl S-200 molecular sieving chromatography 
The results of FR-I and FR-II in Sephacryl S-200 molecular sieving 
chromatography were shown in Fig. 3.2 and Fig. 3.3 respectively. For FR-I, the 
enzyme was eluted in fractions 25 to 31. For FR-II, the enzyme was eluted in 
fractions 18 to 23. The results strongly support that two isozymes of myrosinase exist 
in the enzyme preparation from Aspergillus oryzae. The myrosinase isozyme with a 
smaller molecular size in the FR-I was named AMR60. And the other isozyme with a 
larger molecular size in the FR-II was named AMR94. 
These two myrosinase isozymes after Sephacryl S-200 molecular sieving 
chromatography were used for enzymological and chemical studies. 
3.3.2.5 FPLC Phenyl Superose hydrophobic interaction chromatography 
The isozyme AMR60 from Sephacryl S-200 was further purified by Phenyl 
Superose hydrophobic interaction chromatography. The results of hydrophobic 
interaction chromatography are shown in Fig. 3.4. The enzyme was eluted in 
fractions 21 to 23, and the most active fraction was 22 which contained about 80% of 
the total activity. 
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3.3.2.6 FPLC Mono P chromatofocusing 
The isozyme AMR60 from Pheny Superose hydrophobic interaction 
chromatography was further purified by chromatofocusing using a Mono P HR5/5 
pre-packed column in FPLC system. The results of chromatofocusing are shown in 
Fig. 3.5. Proteins were eluted with a linear gradient generated by Polybuffer 74. 
Fraction 23 was the most active and had a pH value of 4.76. However, this isozyme 
AMR60 after this step did not yield a homogenous enzyme. As shown in Fig 3.7, 
SDS-PAGE of the fraction 23 showed that some major proteins in previous steps 
were removed, however, it contained a few minor bands and the band of myrosinase 
AMR60 could not be confirmed. 
The use of chromatofocusing to purify the isozyme AMR94 from Sephacryl 
S-200 molecular sieving chromatography was successful in yielding a highly purified 
enzyme. The results of chromatofocusing for AMR94 were shown in Fig. 3.6, The 
enzyme was eluted in the last fractions, and fraction 29 was the most active one with 
a pH value of 4.00. As shown in Fig. 3.8，SDS-PAGE of the pooled fractions showed 
that the preparation was free from contaminating proteins. 
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3 Physicochemical characterization 
3.3.3.1 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) 
The SDS electrophoretic patterns for isozyme AMR60 at various purification 
steps are shown in Fig. 3.7. This gel was stained by silver-staining procedure. There 
were many unwanted proteins removed after Phenyl Superose hydrophobic 
interaction chromatography. 
The SDS electrophoretic patterns for isozyme AMR94 at various purification 
steps are shown in Fig. 3.8. This gel was stained by coomassie blue R-250. A single 
protein band was observed with 5 jig of the enzyme from chromatofocusing applied 
to the gel. This indicated that a homogenous preparation was obtained. The enzyme 
preparation was judged to be 95% pure as there was no observable contaminating 
protein band. Another identical gel was stained using Periodic acid-Schiff reagent to 
detect the glycoprotien. The results are shown in Fig 3.9. This purified isozyme 
AMR94 was stained as magenta in color that was a positive reaction of glycoprotein. 
So this isozyme was confirmed to be a glycoprotein. 
The molecular weight of the isozyme AMR94 protein band was calculated 
from the standard curve of relative mobilities versus the logarithm of the molecular 
weights of five standard proteins (Fig. 3.10). This isozyme had an apparent molecular 
weight of 94,300, which was higher than the molecular weight of the enzyme 
obtained by gel filtration (MW 86,000). 
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3.3.3.2 Chromatofocusing 
The apparent isoelectric points (pis) of two myrosinase isozymes were 
estimated to be 4.75 土 0.05 (n=3) and 4.00 土 0.05 (n=3) for AMR60 and AMR94 
respectively by chromatofocusing. Such estimation might give a pi value lower than 
the actual pi of the enzyme, as discussed by Sluyterman and Elgersma (1978). 
3.3.3.3 Gel filtration 
The molecular weights of the native myrosinase isozymes were estimated by 
gel filtration to be 60,000 and 86,000 for AMR60 and AMR94 respectively from the 
standard curve (Fig. 3.11). 
3.3.4 Enzymatic properties 
3.3.4.1 Effect of pH on the crude enzyme stability 
The enzyme was exposed to the elution buffers for a long period during 
purification processes. Therefore, the pH value of the elution buffers used in 
chromatographies was most important during enzyme purification. In order to 
provide a more stable conditions for the enzyme during chromatographic processes, 
the effect of pH on the crude enzyme storage stability was determined. 
The results of the effect of pH on the crude enzyme storage stability at 4°C are 
shown in Fig. 3.12. The crude enzyme was stable when stored in 5 mM citrate 
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phosphate buffers in a pH range 5.0 to 6.0 for 24 hours. The residual enzyme activity 
decreased rapidly when the pH below 5.0 and precipitation was observed in these 
low pH buffers after 2 hours of incubation at 4°C. 
3.3.4.2 Effect of substrate concentration on enzyme activity 
The effect of sinigrin concentration on the enzyme activity of isozyme 
AMR60，at pH 6.1，37°C, is shown in Fig. 3.13. The Lineweaver-Burk plot 
(Lineweaver and Burk, 1934) of the data is shown in Fig. 3.14. The Michaelis 
constant (Km) was calculated to be 1.58 mM for sinigrin. 
The effect of sinigrin concentration on the enzyme activity of isozyme 
AMR94, at pH 4.7’ 3TC, is shown in Fig. 3.15. The Lineweaver-Burk plot of the 
data is shown in Fig. 3.16. The Michaelis constant (Km) was calculated to be 61.56 
mM for sinigrin. 
The Km value for AMR94 was nearly up to 40 times larger than the Km value 
for AMR60. This result indicated that isozyme AMR60 has higher affinity to sinigrin 
than AMR94. 
3.3.4.3 Effect of pH on enzyme activity 
The enzyme activities were measured at different pH values for both isozymes 
AMR60 and AMR94, the results are shown in Fig. 3.17. The optimal pHs at 37°C 
were 6.0 to 6.6 and 4.5 to 5.0 for AMR60 and AMR94 respectively. 
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3.3.4.4 Effect of temperature on enzyme activity 
The effect of temperature on enzyme activities for two isozymes were 
determined. The activities of these two isozymes at different temperatures were 
assayed in 55 mM citrate phosphate buffers, pH 6.1 and pH 4.7 for AMR60 and 
AMR94 respectively. The pH values of this two buffers did not change with 
temperatures tested, so the same buffers were used throughout the temperature-
activity studies for both isozymes. Initial reaction rates were determined and plotted 
against temperature as shown in Fig. 3.18. The two isozymes AMR60 and AMR94 
have the apparent temperature optima at 37°C and 50。C respectively. 
3.3.4.5 Effects of metallic ions on enzyme activity 
The succinate buffers, pH 6.1 and pH 4.7 were used to determine the enzyme 
activities of two isozymes, AMR60 and AMR94 respectively, in the presence of the 
metallic ions. The results are listed in Table 3.3. 
For isozyme AMR60, at 1 mM concentration, Mg�.，Ni�.，Co!.，pg3+ 如^ Ca^ ^ 
2+ 
did not show any significant effect on the activity. On the other hand, Mn at 1 mM 
slightly enhanced the enzyme activity by 45%. However, Cu^ ,^ CcP. and Tjci^  at 1 
mM inhibited the enzyme activity by 88%, 74% and 52% respectively. At a higher 
concentration of ions, 5 mM of Ni�.，Zn^ and Sn�.，the nzyme activity was inhibited 
by 50%, 93% and 65 % respectively. 
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For isozyme AMR94，all the metallic ions tested did not show any significant 
effect on the enzyme activity except Sn^ ^ had slightly inhibitory effect. 
The effect of Hg2+ on the enzyme activity could not be determined in this 
study, because the glucose liberated from sinigrin was observed when the sinigrin 
was incubated with Hg2+ in the absence of myrosinase. 
3.3.4.6 Effects of various compounds on enzyme activity 
The effect of various reagents on the enzyme activities of two myrosinase 
isozymes are listed in Table 3.4. 
For isozyme AMR60, the enzyme activity was not inhibited by 5 mM 
ammonium sulfate and sodium sulfate. At a concentration of 1 mM，D-gluconic acid 
lactone, iodoacetate, iodoacetamine, EDTA，EGTA, PMSF，L-ascorbic acid and 2-
mecaptoethanol did not affect the enzyme activity. On the other hand, at 1 mM 
concentration, N-ethymaleimide and phenylglyoxal inhibited 51% and 28% enzyme 
activity respectively. And the enzyme activity was inhibited by 26% in the presence 
of 0.1 mM PCMB. 
For isozyme AMR94，all the reagents tested except D-gluconic acid lactone 
did not show any effect on the enzyme activity. At 1 mM concentration, D-gluconic 
acid lactone strongly inhibited the enzyme activity up to 83%. 
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3.3.4.7 Effects of various buffers on enzyme activity 
The activities of these two isozymes in various buffers are listed in Table 3.5. 
The enzyme activities in three sulfonic group containing buffers (Hepes, Pipes and 
Tes) and two imidazole ring containing buffers (imidazole and L-histidine)，pH 6.8 
were compared to the enzyme activity of the control in citrate phosphate buffer with 
the same pH value. The buffers concentration were 55 mM in this study. Three 
sinigrin concentrations, 5 mM, 10 mM and 30 mM were used in this study. 
For isozyme AMR60, all the five buffers tested significantly inhibited the 
enzyme activity. The inhibitory effect of the buffers slightly decreased with the 
highered levels of sinigrin. 
For isozyme AMR94, Pipes buffer did not affect the enzyme activity in 
different sinigrin concentration used. On the other hand, when the sinigrin 
concentration at 5 mM，Hepes, Tes, imidazole and L-histidine buffers inhibited the 
enzyme activity up to 66%, 41%, 48% and 79% respectively. When 30 mM sinigrin 
used, the enzyme activity in Hepes，Tes and imidazole buffers was almost completely 
recovered. The inhibitory effect of L-histidine buffer on enzyme activity decreased to 
28% when 30 mM sinigrin was used. 
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3.4 Discussion 
Purification of Aspergillus oryzae myrosinase 
3.4.1.1 Dialysis 
The total myrosinase activity increased by 60% after dialysis, probably 
because the small molecules with inhibitory effect on enzyme activity were removed 
by this step. On the other hand, the glucose and other small molecules causing 
interference to the PGO assay method were also removed after dialysis. 
3.4.1.2 Enzyme purification 
The most effective step in purification of the isozyme AMR60 was the FPLC 
Pheny Superose hydrophobic interaction chromatography. As the SDS-PAGE pattern 
was shown after this step, only a few bands remained in the pooled fractions. 
However, the yield of this step was very low, probably due to the harsh conditions for 
hydrophobic interaction chromatography. Another explanation was the limitation of 
the column capacity, one sample from Sephacryl S-200 was used for three times of 
sample injections and, for each injection, the sample volume used must be slightly 
larger than the sample loop used. As a result，enzyme lost also contributed by this 
sample injection process. 
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Octyl-agarose with stronger hydrophobicity was expected that could be used 
under mild chromatographic conditions to restore a higher enzyme activity. However, 
in the identical buffer system used as for Phenyl Superose hydrophobic interaction 
chromatography, the isozyme AMR60 did not bind to the matrix and enzyme activity 
was detected in the void volume. 
In addition, due to the low capacity of the pre-packed Phenyl Superose HR5/5 
column, phenyl-agarose with amino spacer, 12 atoms to pack a column with 10 ml 
bed volume was used. However, the enzyme activity was detected in the void volume 
when the same buffer system for Phenyl Superose in FPLC system was applied. The 
only different between these two gel was the linkages that are amino and ether 
linkages for the phenyl-agarose and Phenyl Superose respectively. 
These results from the trials using other two types of hydrophobic interaction 
matrix suggested that the linkage between the matrix and the ligand might play an 
important role in the binding of this enzyme. This enzyme possibly specifically 
interacted with the phenyl group together with the ether linkage in Phenyl Superose. 
On the other hand, the enzyme did not bind to the matrix. Phenyl Superose, 
when the sample buffer was 1 M citrate buffer，pH 5.6. When the sample buffer was 
2 M citrate buffer, pH 5.6, the enzyme was adsorbed and eluted at the last fractions. 
SDS-PAGE showed that the isozyme AMR94 after chromatofocusing was 
free from contaminating proteins. This enzyme has an extreme low pi，so it was 
eluted at the last fractions in chromatofocusing. 
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These two myrosinase isozymes lost most of their activities after 
chromatofocusing. Presumably, the loss of activities was a result of the instability of 
the enzymes at low pH，at which the isozymes were eluted from the 
chromatofocusing column. 
On the other hand, the HA-Ultrogel (hydroxyapatite) chromatography was 
also used to purify the myrosinase. However, it was not successful. The enzyme did 
not completely bind to the gel matrix in 10 mM potassium phosphate buffer. 
Moreover, the trial using ammonia sulfate to precipitate the proteins had been 
tried. The myrosinase activity was considerably inactivated after his process. 
3,4,2 Physicochemicalproperties 
3.4.2.1 Glycoprotein 
The purified isozyme AMR94 after SDS-PAGE showed positive reaction 
with Periodic acid-Schiff (PAS) reagent. The magenta band in the gel indicated that 
this enzyme is a glycoprotein. This property had not been reported in other fungal 
myrosinases before. 
3.4.2.2 Molecular weights 
SDS-PAGE of the purified isozyme AMR94 showed that this enzyme has a 
molecular weight of 94,300，which is slight higher than the molecular weight 
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estimated by gel filtration as 86,000 Da. The possible reason might be that the SDS 
bound to the protein part of the glycoprotein only. The reduced net charge resulting 
from reduced SDS binding lowered the protein mobility during electrophoresis. As a 
result，a higher molecular weight estimation was yielded. On the other hand, the 
results of molecular weight estimations by SDS-PAGE and gel filtration indicated 
that this isozyme AMR94 exists as a monomer. 
The molecular weight of the isozyme AMR60 was estimated by gel filtration 
to be 60,000 Da. 
3.4.2.3 Isoelectric points 
The isoelectric points of the two myrosinase isozymes were estimated to be 
4.75 and 4.00 for AMR60 and AMR94 respectively. Chromatofocusing was used in 
this experiment to estimate the isoelectric points. The isoelectric point of the isozyme 
AMR60 is similar to that of inducible intracellular myrosinase in Aspergillus niger 
described by Ohtsuru and Hata (1973a)，which is 4.8. 
3.4.3 Enzymatic properties 
3.4.3.1 pH and temperature optima 
The two myrosinase isozymes had the pH optima of 6.0 to 6.6 and 4.5 to 5.0 
for AMR60 and AMR94 respectively. The pH optimum of isozyme AMR60 is close 
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to that of the inducible intracellular myrosinase in Aspergillus niger reported by 
Ohtsuru and Hata (1973)，which is 6.2，but different from the value of 7.0 of the 
extracellular inducible myrosinase in Aspergillus sydowi reported by Ohtsuru et al 
(1969a). 
The temperature optima were determined to be 37°C and 50°C for the 
isozymes AMR60 and AMR94 respectively. The optimum temperature for isozyme 
AMR60 is similar to the value of 34°C reported by Ohtsuru and Hata (1973) for the 
intracellular myrosinase in Aspergillus niger. 
For glycoprotein, the carbohydrate moiety attributes to the heat stability of the 
molecule. As the isozyme AMR94 is a glycoprotein, its higher temperature optimum 
is not unexpected. 
3.4.3.2 Substrate affinity 
The Km values of the two myrosinase isozymes AMR60 and AMR94 were 
determined to be 1.58 mM and 61.56 mM for sinigrin respectively. The Km for 
isozyme AMR94 was about 40 times larger than the Km value for isozyme AMR60. 
The sinigrin concentration used to assay the enzyme activity of isozyme 
AMR94 was 10 mM which is a sub-optimal substrate concentration for this isozyme, 
therefore, the enzyme activity was greatly underestimated in this conditions. The 
enzyme activity determined in this sub-optimal conditions corresponding to only 
about 8% of the activity at the saturated substrate concentration at 37°C. 
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The Km values of the fungal myrosinases from Aspergillus niger (Ohtsuru 
and Hata, 1973) and Aspergillus sydowi (Ohtsum et al, 1969a) were reported to be 
3.3 mM and 3.6 mM for sinigrin respectively. These two values are very close to the 
Km value of the isozyme AMR60 for sinigrin. 
3.4.3.3 Inhibitions by various compounds and metallic ions 
The enzyme activity of isozyme AMR60 was inhibited by 1 mM N-
ethylmaleimide (NEM) and 0.1 mM ;?-chloromercuribenzoate (PCMB). Therefore， 
sulfhydryl groups are probably required for the enzymatic activity of this isozyme. In 
addition, the enzyme activity of this isozyme was also slightly inhibited by 
phenylglyoxal, so the arginyl groups may be required for its enzymatic activity. 
Inhibitory effect of /7-chloromercuribenzote on myrosinase from Aspergillus niger 
also reported by Ohtsuru and Hata (1973). 
The metallic ions, Cu^^ , Cd^^ Zn^ and Sn^ ^ inhibited the enzyme activity of 
isozyme AMR60. The enzyme activity of myrosinase from Aspergillus niger was 
inhibited by Sn^ ^ but activated by Cu^ ^ (Ohtsuru and Hata, 1973). 
The isozyme AMR94 was strongly inhibited by 13-gluconic acid lactone which 
is a specific inhibitor of B-glucosidase (Conchie and Lewy, 1957). This 13-
glucosidase inhibitor also inhibited the enzyme activity of myrosinase from 
Aspergillus niger (Ohtsuru and Hata, 9173) and Aspergillus sydowi (Ohtsum et al., 
1969a). 
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3.4.3.4 Inhibitions by various buffer systems 
The enzyme activity of isozyme AMR60 was strongly inhibited in the buffers 
tested including the sulfonic group containing buffers (Hepes, Pipes and Tes) and the 
imidazole ring containing buffers (imidazole and L-histidine). The inhibitory effect 
was decreased in all buffers tested when the sinigrin concentration increase. 
The enzyme activity of isozyme AMR94 also inhibited by the buffers tested 
except Pipes when the sinigrin concentration was low. Its activity was recovered 




















































































































































































































































































































































































































































































































































































































































































Table 3.3. Effects of metallic ions on myrosinase isozymes activities 
, . . Relative activity (%) 
Metallic ion Concentration (mM) 
AMR60' • AMR94b 
None (control) - 100 100 
Mn2+ 1.0 145 98 
Cu2+ 1.0 12 94 
Ni2+ 5.0 50 120 
1.0 101 122 
Mg2+ 5.0 108 111 
1.0 111 108 
0)2+ 5.0 - 115 
1.0 108 115 
Fe3+ 1.0 95 96 
Ca2+ 5.0 - 111 
1.0 112 104 
Cd2+ 1.0 26 101 
Zn^ 5.0 7 117 
1.0 48 100 
Sn2+ * 5.0 35 75 
1.0 86 87 
a Succinate buffer, pH 6.1 was used. 
b Succinate buffer, pH 4.7 was used. 
* Glucose was measured by o-toluidine reagent. 
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Table 3.4. Effects of various compounds on myrosinase isozymes activities 
P Relative activity (%) 
Keagem Concentration (mM) 
AMR60" AMR94^ 
None (control) _ 腦 100 
N-Ethylmaleimide 1.0 49 100 
lodoacetate 1.0 105 99 
lodoacetamine 1.0 102 102 
PCMB 0.1 74 120 
PMSF 1.0 115 99 
EDTA 1.0 100 99 
EGTA 1.0 107 101 
Phenyglyoxal 1.0 72 95 
D-gluconic acid lactone 1.0 103 17 
Ammonia sulfate 5.0 90 99 
1.0 97 96 
Sodium sulfate 5.0 91 94 
1.0 99 102 
L-Ascorbic acid* 5.0 102 110 
1.0 110 99 
2-Mecaptoethanol* 5.0 110 110 
1.0 114 103 
a Citrate phosphate buffer，pH 6.1 was used, 
b Citrate phosphate buffer，pH 4.7 was used. 
* Glucose was measured by o-toluidine reagent. 
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Table 3.5. Effects of various buffer systems on myrosinase isozymes activities* 
Buffer system Relative activity (%) 
AMR60 AMR94 
Sinigrin concentration (mM) 5 10 30 5 10 30 
Citrate phosphate (control) 100 100 100 100 100 100 
Hepes 20 27 36 34 51 90 
Pipes 36 40 46 96 104 105 
Tes 10 13 26 59 82 110 
Imidazole 22 29 37 52 61 95 
L-Histidine 14 19 26 21 35 74 
* All buffer systems were tested at pH 6.8. 
Hepes - N- [2-Hydroxyethy 1] piperazine-N ‘ -[2-ethanesulfonic acid" 
Pipes - Piperazine-N,N'-bis[2-ethanesulfonic acid]; 
1,4-Piperazinediethanesulfonic acid 
Tes - N-tris[Hydroxymethyl]methyl-2-aininoethanesulfonic acid; 
2-([2-Hydroxy-l,l-bis(hydroxymethyl)ethyl]amino)ethanesulfonic acid 
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Fig. 3.1 DEAE-Sepharose ion-exchange chromatography of the crude enzyme 







































































































































































































Fig. 3.2 Sephacryl S-200 molecular sieving chromatography of the myrosinase 
activity peak FRI from the DEAE-Sepharose ion-exchange 
chromatography. One activity peak eluted in fractions 25 to 31, the 
active fractions contained the myrosinase isozyme AMR60 with a 



















































































































































Fig. 3.3 Sephacryl S-200 molecular sieving chromatography of the myrosinase 
activity peak FRII from the DEAE-Sepharose ion-exchange 
chromatography. One activity peak eluted in fractions 18-23, the 
active fractions contained the myrosinase isozyme AMR94 with a 
















































































































Fig. 3.4 FPLC Phenyl Superose hydrophobic interaction chromatography of 
the partially purified myrosinase isozyme AMR60 from Sephacryl S-


































































































































Fig. 3.5 FPLC Mono P chromatofocusing of the partially purified myrosinase 
AMR60 from FPLC Phenyl Superose hydrophobic interaction 
chromatography. 
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Fig. 3.6 FPLC Mono P chromatofocusing of the partially purified myrosinase 






















































































































































Fig. 3.7 Silver-stained 10% SDS-polyacrylamide gel of myrosinase isozyme 
AMR60 after various purification steps. The various purification steps 
are indicated as: (Cr) crude extract; (Di) dialysis; (D) DEAE-
Sepharose ion-exchange chromatography; (S) Sephacryl S-200 
molecular sieving chromatography; (H) FPLC Phenyl Superose 
hydrophobic interaction chromatography; and (C) FPLC Mono P 
chromatofocusing. The mobility of standard proteins are shown in 
(M). The standard proteins are: bovine albumin (MW 66,000); egg 
albumin (MW 45,000); rabbit muscle glyceraldehyde-3-phosphate 
dehydrogenase (MW 36,000); bovine erythrocytes carbonic anhydrase 
(MW 29,000); bovine pancreas trypsinogen (MW 24,000); and 
soybean trypsin inhibitor (MW 20,100). 
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Fig. 3.8 Coomassie blue R-250 stained 10% SDS-polyacrylamide gel of 
myrosinase isozyme AMR94 after various purification steps. The various 
purification steps are: (D) DEAE-Sepharose ion-exchange 
chromatography; (S) Sephacryl S-200 molecular sieving chromatography; 
and (C) FPLC Mono P chromatofocusing，the purified myrosinase 
isozyme AMR94 (5 pg). The mobility of standard proteins are shown in 
(M). The standard proteins are: Escherichia coli 13-galactosidase (MW 
116,000); rabbit muscle phosphorylase B (MW 97,400); bovine plasma 
albumin (MW 66,000); egg albumin (MW 45,000); and bovine 
erythrocytes carbonic anhydrase (MW 29,000). 
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Fig. 3.9 Periodic-acid Schiff stained 10% SDS-polyacrylamide gel of 
myrosinase isozyme AMR94 after various purification steps. The 
glycoproteins were stained magenta in color. The various purification 
steps are indicated as: (D) DEAE-Sepharose ion-exchange 
chromatography; (S) Sephacryl S-200 molecular sieving 
chromatography; and (C) FPLC. Mono P chromatofocusing, the 
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Fig. 3.10 Plot of log molecular weight versus relative mobility of standard 
proteins in 10% SDS-PAGE. 
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Fig. 3.11 Plot of retention volume versus log molecular weights for the standard 
proteins after Superose 6 HRlO/20 gel filtration in the FPLC system. 
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Fig. 3.12 Effect of pH on the crude enzyme stability at 4。C. The crude enzyme 
preparation was held in each of the buffers for 24 hours. The buffers 
used were: 5 mM citrate buffer (pH 3.0 - 5.0)，5 mM citrate phosphate 
buffer (pH 5.0 - 7.0) and 5 mM phosphate buffer (pH 7.0 - 8.0). 
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Fig. 3.14 Lineweaver-Burk reciprocal plot for the hydrolysis of sinigrin by 















































Fig. 3.15 Effect of sinigrin concentration on the activity of myrosinase isozyme 
AMR94. 
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Fig. 3.16 Lineweaver-Burk reciprocal plot for the hydrolysis of sinigrin by 
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Fig. 3.17 Effect of pH on the enzyme activities of partially purified myrosinase 
isozymes, AMR60 and AMR94. The buffers used were: 55 mM citrate 
buffer (pH 3.0 - 5.0)，55 mM citrate phosphate buffer (pH 5.0 - 7.0) 
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Fig. 3.18 Effect of temperature on the enzyme activities of partially purified 
myrosinase isozymes, AMR60 and AMR94. Reactions were carried 
out at pH 6.1 and pH 4.7 for both isozymes, AMR60 and AMR94 
respectively. The reaction time was 30 minutes. 
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1. Myrosinase activity was detected in the non-toxigenic filamentous fungus, 
Aspergillus oryzae ATCC-14895 intracellularly when the inducer, sinigrin was 
incorporated into the medium. 
2. The conditions for enzyme production were established. Sinigrin at 0.5 mM in the 
medium as the inducer was the most cost effective concentration, when the 
cultivation of fungal mycelia were carried out in the complex medium at 30°C 
under orbital shaking at 200 rpm. 
3. Two myrosinase isozymes were isolated from the cell-free extract by DEAE-
Sepharose ion-exchange chromatography and Sephacryl S-200 molecular sieving 
chromatography. These two isozymes were named AMR60 and AMR94 
according to their molecular weights. 
4. The isozyme AMR94 was purified from cell-free extract by DEAE-Sepharose 
ion-exchange chromatography, Sephacryl S-200 molecular sieving 
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chromatography and FPLC Mono P chromatofocusing. The final enzyme 
preparation was homogeneous as judged by SDS-PAGE. 
5. The molecular weights of the partially purified isozyme AMR60 and the purified 
isozyme AMR94 were determined to be 60,000 and 86,000 respectively by gel 
filtration. The molecular weight of the purified isozyme AMR94 was determined 
to be 94,300 by SDS-PAGE which slightly larger than the result obtained from 
gel filtration. 
6. The molecular weight of isozyme AMR94 determinated by gel filtration and 
SDS-PAGE suggested that this isozyme exists as a monomer. 
7. The apparent temperature optima for these two myrosinase isozymes were 37°C 
and 50°C for AMR60 and AMR94 respectively. 
8. The pH optima were determined to be 6.0 to 6.6 and 4.5 to 5.0 for isozyme 
AMR60 and AMR94 respectively. 
9. The Michaelis constants for these two isozymes, AMR60 and AMR94 were 
found to be 1.58 mM and 61.56 mM for sinigrin respectively. 
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10. The isoelectric points were determined to be 4.75 and 4.00 for isozymes, AMR60 
and AMR94 respectively by chromatofocusing using the Mono P column in 
FPLC system. 
11. The purified isozyme AMR94 is a glycoprotein which showed positive reaction 
with Periodic acid-Schiff reagent. 
12. The enzyme activity of isozyme AMR60 was inhibited by 1 mM N-
ethymaleimide, phenylglyoxal and 0.1 mM /^ -chloromercuribenzoate. And the 
enzyme activity of isozyme AMR94 was inhibited by 1 mM D-gluconic acid 
lactone. 
13. Both myrosinase isozymes activities were inhibited by the sulfonic group 
containing buffers and the imidazole ring containing buffers. 
14. The metallic ions, Cu!.，Cd^ ^ Zn�.，Sn^ ^ at 1 mM and Ni】. at 5 mM inhibited the 
enzyme activity of the isozyme AMR60. And the enzyme activity of isozyme 
AMR94 was slightly inhibited by Sn^ "^  at 1 mM. 
109 
References 
Bjorkman, R. 1976. Properties and function of plant myrosinase. In The biology and 
chemistry of the Cruciferae. (Vaughan, J. G.，MacLeod，A. J. and Jones，B. 
M. G. eds.). Academic Press Inc., London, pp. 191-219. ， 
Buchwaldt, L.，Larsen，L. M., Ploger, A. and Sorensen，H. 1986. Fast polymer liquid 
chromatography isolation and characterization of plant myrosinase, B-
thioglucoside glucohydrolase, isoenzymes. J. Chromatogr. 363: 71-80 . , 
Clandinin, D. R. and Robblee, A. R. 1981. Rapeseed meal in animal nutrition: non-
ruminant animals. J. Amer. Oil Chem. Soc. 58: 682-686. 
Conchie, L. and Lewy, G. A. 1957. Inhibition of glycosidases by aldonolactones of 
corresponding configuration. Biochem. J. 65: 389-395. 
Dietz，H. M.，Panigrahi, S. and Harris，R. V. 1991. Toxicity of hydrolysis products 
from 3-butenyl glucosinolate in rats. J. Agric. Food Chem. 39: 311-315. 
Dransfield, E., Nute，G. R.，Mottram, D. S.，Rowan, T. G. and Lawrence，T. L. J. 
1985. Pork quality from pigs fed on low glucosinolate rapeseed meal: 
influence of level in the diet, sex and ultimate pH. J. Sci. Food Agric. 36: 
546-556. 
Falk, A., Xue, J.，Lenman, M. and Rask，L. 1992. Sequence of a cDNA encoding the 
enzyme myrosinase and expression of myrosinase in different tissues of 
Brassica napus. Plant Sci. 83: 181-186. 
FAO. 1990. Production year book. p. 113. 
Fenwick, G. R.，Curl，C. L.，Butler, E. J., Greenwood, N. M. and Pearson, A. W. 
1984a. Rapeseed meal and egg taint: effects of low glucosinolate Brassica 
napus meal, dehulled meal and hulls，and of neomycin. J. Sci. Food Agric. 35: 
749-756. 
Fenwick, G. R.，Curl, C. L., Pearson, A. W. and Butler, E. J. 1984b. The treatment of 
rapeseed meal and its effect on chemical composition and egg tainting 
potential. J. Sci. Food Agric. 35: 757-761. 
110 
Finnigan, T. J. A. and Lewis, M. J. 1988. Ethanolic extraction of commercial 
rapeseed meal in the production of protein concentrate of reduced 
glucosinolate content. J. Sci. FoodAgric. 45: 155-163. 
Finnigan, T. J. A., Lewis, M. J. and Dietz，M. 1989. Detoxification of commercial 
United Kingdom rapeseed meal by glucosinolate hydrolysis with exogenous 
myrosinase and the extractability of the aglucones by aqueous industrial 
methylated spirits. J. Sci. FoodAgric. 46: 331-337. 
Heaney, R. K. and Fenwick, G. R. 1987. Identifying toxins and their effects: 
glucosinolates. In Natural toxicants in food, progress and prospects. (Watson, 
D. H. ed.). Ellis Horwood Ltd., Chichester, England, pp. 76-124. ， 
Hoglund, A. S.，Lenman, M. and Rask, L. 1992. Myrosinase is localized to the 
interior of myrosin grains and is not associated to the surrounding tonoplast 
membrane. Plant ScL 85: 165-170. 
Hoglund, A. S., Lenman, M.，Falk，A. and Rask，L. 1991. Distribution of myrosinase 
in rapeseed tissues. Plant Physiol. 95: 213-221. 
Jay, G. D.，Gulp, D. J. and Johnke, M. E. 1990. Silver staining of extensively 
glycosylated proteins on sodium dodecyl sulfate - polyacrylamide gels: 
enhancement by carbohydrate-binding dyes. Anal Biochem. 185: 324-330. 
Laemmli, U. K. 1970. Cleavage of structure proteins during the assembly of the head 
of bacteriophage T4. Nature 227: 680-685. 
Larsen，P. O. 1981. Glucosinolates. In The biochemistry of plant, a comprehensive 
preatise, vol. 7，secondary plant products. (Conn, E. E. ed.). Academic Press, 
Inc. New York. pp. 501-525. 
Lee, P. L.，Pittam, S. and Hill, R. 1984. The voluntary food intake by growing pigs of 
diets containing ‘treated，rapeseed meals or extracts of rapeseed meal. British 
J. Nutr. 52: 159-164. 
Lenman, M.，Falk，A., Xue, J. and Rask, L. 1993. Characterization of a Brassica 
napus myrosinase pseudogene: myrosinases are members of the BGA family 
of 13-glycosidases. PlantMol Bio. 21 463-474. 
Lineweaver, H. and Burk, D. 1934. The determination of enzyme dissociation 
constants. J. Amer. Chem. Soc. 56: 658-666. 
Majak, W.，McDiarmid，R. E.，Benn, M. H. and Willms, W. D. 1991. Autolysis of 
Thlaspi arvense in bovine rumen fluid. Phytochem. 30: 127-129. 
I l l 
Nugon-Baudon, L.，Rabot, S.，Wal，J. M. and Szylit, O. 1990. Interactions of the 
microflora with glucosinolates in rapeseed meal toxicity: first evidence of an 
intestinal Lactobacillus possessing a myrosinase-like activity in vivo. J. Sci 
FoodAgric. 52: 547-559. 
Oakley，B. R., Kirsch，D. R. and Morris, N. R. 1980. A simplified ultrasensitive 
silver stain for detecting proteins in polyacrylamide gels. Anal Biochem 105 
361-363. 
Oginsky, E. L.，Stem, A. E. and Greer, M. A. 1965. Myrosinase activity in bacteria as 
demonstrated by the conversion of progoitrin to goitrin. Pro. Soc. Exp. Med 
119: 360-364. 
Ohtsuru，M. and Hata, T. 1973a. General characteristics of the intracellular 
myrosinase from Aspergillus niger. AgrL Biol Chem. 37: 2543-2548. 
Ohtsuru, M. and Hata，T. 1973b. Studies on the functional groups of plant 
myrosinase. Agrl Biol Chem. 37: 269-275. 
Ohtsuru, M.，Tsuruo, I. and Hata, T. 1969a. Studies on fungous myrosinase, part I. 
production, purification and some characteristics. Agri. Biol Chem. 33: 1309-
1314. 
Ohtsuru，M.，Tsuruo, I. and Hata, T. 1969b. Studies on fungous myrosinase, part II. 
effect of various reagents on its enzymatic activities. Agri. Biol Chem. 33: 
1315-1319. 
Ohtsuru, M.，Tsuruo, I. and Hata，T. 1969c. Studies on fungous myrosinase, part III. 
on the 13-glucosidase activity of fungous myrosinase and the relation of 
fungous and plant myrosinase to 13-glucosidase. Agri. Biol Chem. 33: 1320-
1325. 
Ohtsuru, M., Tsuruo, I. and Hata, T. 1973c。The production and stability of 
intracellular myrosinase from Aspergillus niger. Agri. Biol Chem. 37: 967-
971. 
Palmieri, S.，lori, R. and Leoni, O. 1986. Myrosinase from Sinapis alba L.: a new 
method of purification for glucosinolate analyses. J. Agri. Food Chem. 34: 
138-140. 
112 
Palmien，S. lori，R. and Leoni，O. 1987. Comparison of methods for determining 
myrosinase activity. J. Agri. Food Chem. 35: 617-621. 
Palmieri，S.，Leoni，O. and lori，R. 1982. A steady-state kinetics study of myrosinase 
with direct ultraviolet spectrophotometric assay. Anal. Biochem. 123: 320-
324. 
Pessina，A.，Thomas, R: M. Palmieri, S. and Luisi, P. L. 1990. An improved method 
for the purification of myrosinase and its physicochemical characterization. 
Arch. Biochem. Biophys. 280: 383-389. 
Petroski, R. J. and Kwolek, W. F. 1985. Interaction of a fungal thioglucosidase 
glucohydrolase and cruciferous plant epithiospecific protein to form 1-
cyanoepithioalkanes: implications of an allosteric mechanism Phytochem 24 
213-216. 
Reese，E. T.，Clapp, R. L. and Mandels, M. 1958. A thioglucosidase in fungi. Arch. 
Biochem. Biophys. 75: 228-242. 
Sang, J. P. and Salisbury, P. A. 1988. Glucosinolate profiles of international rapeseed 
lines (Brassica napus and Brassica campestris). J. Sci. Food Agric. 45: 255-
261. 
Schluter, M. and Gmelin, R. 1972. Abnormal enzymic cleavage of 4-
methlthiobutylglucosinolate in fresh plants, Eruca sativa. Phytochem. 11: 
3427-3431. 
Sluyterman, L. A. E. and Elgersma, O. 1978. Chromatofocusing: isoelectric focusing 
on ion exchange columns I. general principles. J. Chromatogr. 150: 17-30. 
Smith, P. K.，Krohn, R. I.，Hermanson, G. T.，Mallia, A. K.，Gartner, F. H. 
Provenzano, M. D.，Fujimoto，E. K.，Goeke, N. M., Olson, B. J. and Klenk, 
D. C. 1985. Measurement of protein using bicinchoninic acid. Anal 
Biochem. 150: 76-85. 
Smits, J. P.，Knol, W. and Bol, J. 1993. Glucosinolate degradation by Aspergillus 
clavatus and Fusarium oxysporum in liquid and solid-state fermentation. 
Appl Microbiol Biotechnol 38: 696-701. 
Tani, N.，Ohtsuru，M. and Hata, T. 1974a. Isolation of myrosinase producing 
microorganism. Agri. Biol Chem. 38: 1617-1622. 
113 
Tani, N Ohtsuru, M. and Hata, T. 1974b. Purification and general characteristics of 
bacterial myrosinase produced by Enterobacter cloacae. Agri. Biol Chem. 38: 
1623-1630. 
Thangstad, O. P.，Evjen, K. and Bone, A. 1991. Immunogold-EM localization of 
myrosinase in Brassicaceae. Protoplasma 161: 85-93. 
Thangstad, O. P., Winge, P., Husebye, H. and Bones, A. 1993. The myrosinase 
(thioglucoside glucohydrolase) gene family in Brassicaceae. Plant Mol Bio 
23: 511-524. 
Thompke，S. 1981. Review of rapeseed meal in animal nutrition: ruminant animals. 
J- Amer. Oil Chem. Soc. 58: 805-810. 
Underbill, E. W. 1980. Glucosinolates. In Encyclopedia of plant physiology, new 
series，vol. 8，secondary plant products. (Bell, E. A. and Charlwood, B. V. 
eds.). Springer-Verlag，Berlin, pp. 493-511. ， 
Van Etten，H. E. and Tookey, H. L. 1983. Glucosinolates. In Handbook of naturally 
occurring food toxicants (Rechcigl，M. ed.). CRC Press Inc., Boca Raton, 
Florida, p. 115. 
Vermorel, M.，Heaney, R. K. and Fenwick, G. R. 1986. Nutritive value of rapeseed 
meal: effects of individual glucosinolates. J. Sci. Food Agric. 37: 1197-1202. 
Vermorel, M.’ Heaney, R. K. and Fenwick, G. R. 1988. Antinutritional effects of the 
rapeseed meals, darmor and jet neuf，and progoitrin together with myrosinase, 
in the growing rat. J. Sci. Food Agric. 44: 321-334. 
Xue, J.，Lenman, M.，Falk, A. and Rask，L. 1992. The glucosinolate-degrading 
enzyme myrosinase in Brassicaceae is encoded by a gene family. Plant Mol 
Bio. 18: 387-398. 
Xue, J.，Pihlgren，U. and Rask, L。1993. Temporal, cell-specific，and tissue-
preferential expression of myrosinase genes during embryo and seedling 




圓••lllllll saLjejqLH >IH门：） 
